Abstract: Eighty-one steers [428 ± 3.5 kg of body weight (BW)] were used to determine the effect of grain type (corn vs. barley) and oil concentration of dried corn distillers grains plus solubles (DDGS; moderate = 7.9% vs. low = 4.5% ether extract) on growth performance, feeding behavior, and carcass characteristics. Intake and feeding behavior traits were calculated from data generated via the Insentec feeding system. Steers were slaughtered with an average BW of 668 ± 4.4 kg. Final BW and average daily gain (ADG) were not affected by grain type or DDGS oil concentration. Dry matter intake (DMI) decreased (P = 0.002) and gain:feed ratio (G:F) increased (P = 0.01) in steers fed diets containing barley. Daily visits to the feeder decreased (P = 0.05), but time eating per visit increased (P = 0.03) in steers fed diets containing barley than corn. Plasma urea-N concentration was greater (P ≤ 0.05) in steers fed diets containing barley than corn and in steers fed diets containing low-oil DDGS than moderate-oil DDGS diets. There was no effect of treatment on carcass characteristics. These data indicate that steers fed diets containing barley had improved G:F and that including low-oil vs. moderate-oil DDGS in a finishing diet does not influence growth performance, feeding behavior, or carcass measurements.
Introduction
Feed costs represent a large proportion of total costs of beef production. Using different grain types can influence feed efficiency which is important for optimizing cattle performance (Owens et al. 1997) . Dried corn distillers grains plus solubles (DDGS) is a valuable feed product used in finishing diets (Klopfenstein et al. 2008) . Including corn DDGS in a barley-based diet has been shown to result in a linear increase in dry matter intake (DMI) and average daily gain (ADG) with increasing inclusion in the diet (Anderson et al. 2011 ) and optimal inclusion may differ depending on grain source (Klopfenstein et al. 2008) .
The ethanol industry is evolving and changing their production practices. This has resulted in changes in the nutrient composition, such as decreased oil concentration, of the final coproduct available as a feedstuff. Decreasing fat in the diet has been shown to decrease ADG in finishing steers (Zinn 1989) . However, increasing oil concentration in the diet can also have a negative effect on digestibility of nonlipid energy sources (Jenkins 1993 ) that could be detrimental. Therefore, research is needed to determine what effect DDGS oil concentration has on finishing cattle performance, feeding behavior, and carcass quality when commonly fed feed grains are fed. We hypothesize that feeding corn and moderate-oil DDGS will improve growth performance and feeding behavior in finishing cattle. Our objectives were to determine the effects of grain source (corn vs. barley), DDGS oil concentration [4.5% vs. 7.9% of dry matter (DM)], and the interaction of grain type and DDGS oil concentration on finishing performance, feeding behavior, and carcass quality.
Materials and Methods
All procedures with animals were approved by the North Dakota State University (NDSU) Animal Care and Use Committee.
Animals, experimental design, and dietary treatments
Eighty-one steers [428 ± 3.5 kg of body weight (BW)] predominately of Angus, Simmental, and Shorthorn breeding were used in a 2 × 2 factorial arrangement of treatments [grain type (dry-rolled corn vs. dry-rolled barley) and DDGS oil concentration (low oil, 4.5% ether extract vs. moderate oil, 7.9% ether extract); Table 1 ]. The DDGS was obtained from two different ethanol plants because each plant produced DDGS with one oil concentration and would be options for producers to use in the northern Great Planes. The steers were sorted by BW into three pens (light, medium, and heavy pens; n = 27 per pen) and housed at the NDSU Beef Cattle Research Complex. Within each pen, steers were assigned randomly to one of the four experimental treatment diets (n = 6 or 7 steers per treatment within pen; n = 20 or 21 per treatment): (1) corn with moderate-oil DDGS, (2) corn with low-oil DDGS, (3) barley with moderate-oil DDGS, and (4) barley with low-oil DDGS (Table 2) . Diets were formulated to meet or exceed recommendations for dietary intake protein, metabolizable protein, vitamins, and minerals for a 410 kg finishing steer gaining 1.6 kg d −1 [National Academy Press (NRC) 1996]. Diets were offered for ad libitum intake. Steers were adapted to experimental diets by transitioning from a 60% concentrate to the final diet over a 21 d period. Before the initiation of the experiment, steers were fed a 50% concentrate diet with corn as the grain source for 3 wk to adapt to the feeding system.
Body weight and feed intake measurements
Steers were weighed before feed delivery for two consecutive days at the beginning and ending of the feeding period and every 28 d throughout the feeding period. ADG was calculated by regressing BW on day of the experiment.
Radio-frequency ID tags were placed in the right ear before the experiment. Each pen contained eight electronic feeding stations (Hokofarm Group, B.V., Marknesse, the Netherlands) as described by Mader et al. (2009) and Islas et al (2013) allowing for offering specific dietary treatments and monitoring individual feed intake and feeding behavior characteristics. Each experimental diet was provided in two feeders per pen. Total DMI and feeding behavior traits were summarized (Montanholi et al. 2010; Swanson et al. 2014) as follows: events (number of bunk visits and meals daily), eating time (min; per visit, per meal, and per day), and feed intake (kg; per visit, per meal, and per minute), and these data were summarized as the average of each individual steer starting on day 1 of the experiment. A visit was defined as each time the Insentec system detected a steer at a bunk. A meal was defined as eating periods that might include short breaks separated by intervals no longer than 7 min (Forbes 1995; Montanholi et al. 2010 ).
Feed analysis
Diet samples were collected weekly. Weekly samples were analyzed (Table 3) for DM by drying in a 55°C oven and ground to pass a 1 mm screen. Weekly samples were analyzed for DM, ash, N (Kjeldahl method), ether extract, Ca, and P by standard procedures [Association of Official (Herrera-Saldana and Huber 1989) . Processed corn and barley samples were analyzed for particle size following the procedure of ASAE (1993) with the following modifications: a Tyler Ro-Tap sieve shaker (W.S. Tyler, Mentor, OH, USA) was substituted for the Tyler RX86 sieve shaker. To compensate for differences in sieve shakers, the wing nut supports were raised approximately 2.5 cm from the top of the sieves, allowing the sieves to rock back and forth. Thirteen sieves were used along with a bottom pan. The sieve sizes ranged from 3360 to 53 μm. Particle size was calculated as the geometric mean diameter using the equations of Baker and Herrman (2002) . Particle sizes (mean ± SEM) for corn and barley were 2.46 ± 0.151 and 2.95 ± 0.136 mm, respectively.
Carcass characteristics
Steers were marketed in two groups. Group 1 (heaviest steers) was fed for 119 d (n = 40; n = 10 per treatment), and group 2 was fed for 155 d (n = 41; n = 10 per treatment except n = 11 for corn with low-oil DDGS) before transport to the abattoir. Hot carcass weight was measured on the day of slaughter, and carcass measurements were measured following a 24 h chill. Measurements collected were marbling, subcutaneous fat thickness at the 12th rib, longissimus muscle area (LMA), and kidney, pelvic, and heart (KPH) fat percentage. Blood collection, plasma urea-N analysis, and plasma glucose analysis Blood samples were collected by jugular venipuncture into vacuum tubes containing sodium heparin (Becton Dickinson, Rutherford, NJ, USA) on days 28, 56, 84, and 112 before feeding on the same days as BW measurements. Plasma was isolated by centrifugation (Sorvall ST16R; Thermo Fisher Scientific, Waltham, MA, USA) at 3000g for 20 min at 4°C and stored at −20°C until analysis. Plasma urea-N was determined using the urease/ Berthelot procedure (Fawcett and Scott 1960; Chaney and Marbach 1962) . Plasma glucose was analyzed using the hexokinase/glucose-6-phosphate dehydrogenase method (Farrance 1987 ) using kits from Thermo Scientific Analyses (Pittsburgh, PA, USA) were conducted using a 96-well microplate reader (Synergy, HI Microplate Reader; BioTek Instruments, Winooski, VT, USA).
Statistical analysis
Data were analyzed as a completely randomized block (days on feed) design using the mixed procedure (SAS Institute, Inc., Cary, NC, USA) with a 2 × 2 factorial arrangement of treatments. The model included the effects of block (days on feed), grain type (corn vs. barley), DDGS oil concentration (low vs. moderate), and grain type × DDGS oil concentration interaction. Plasma urea-N and glucose were analyzed using repeated measures and included block (days on feed), day, grain type, DDGS oil concentration, grain type × DDGS oil concentration, grain type × day, and DDGS oil concentration × day in the model statement. Appropriate (minimize information criterion) covariance structures were used (Wang and Goonewardene 2004) . The diagonal covariance structure was used because it had the smallest Akaike information criterion, finite sample corrected Akaike information criterion, and Schwarz's Bayesian information criterion. Data were considered significant when P ≤ 0.05, and a tendency was considered when 0.05 < P ≤ 0.10.
Results
Initial BW did not differ between steers fed diets differing in grain type or DDGS oil concentration (Table 4) . Final BW and ADG did not differ between steers fed diets differing in grain type or DDGS oil concentration. Dry matter intake was lesser (P = 0.002) in steers fed diets containing barley than corn but did not differ between steers fed diets differing in DDGS oil concentration. Gain:feed ratio (G:F) was greater (P = 0.01) in steers fed diets containing barley than corn but did not differ between steers fed diets differing in DDGS oil concentration.
No differences were observed in hot carcass weight, marbling score, LMA, 12th rib fat, or KPH fat between steers fed diets differing in grain type or DDGS oil concentration (Table 4) .
There were lesser (P = 0.05) visits to the bunk per day in steers fed diets containing barley than corn, but no differences were observed between steers fed diets differing in DDGS oil concentration (Table 5 ). There were no differences observed in meals per day between steers fed diets differing in grain type or DDGS oil concentration. Time eating per visit was greater (P = 0.03) in steers fed diets containing barley than corn. There was a tendency (P = 0.06) for time eating per visit to be greater in steers fed diets containing low-oil DDGS than moderate-oil DDGS. Time eating per meal did not differ between steers fed diets differing in grain type or DDGS oil concentration. No differences were observed in eating rate per visit between steers fed diets differing in grain type. There was a tendency (P = 0.09) for eating rate per visit to be lesser for steers fed diets containing low-oil DDGS than moderate-oil DDGS. There was also a tendency (P = 0.06) for eating rate per meal to be lesser in steers fed diets containing barley than corn. No differences were observed in eating rate per meal between steers fed diets differing in DDGS oil concentration. There were no differences observed for eating rate per minute between steers fed diets differing in grain type or DDGS oil concentration. No differences were observed for the interaction of grain type and oil concentration of DDGS.
There was an effect of time (P < 0.001) for blood glucose concentrations as blood glucose was least on day 28 (data not shown). Plasma glucose concentration was not influenced by grain type, DDGS oil concentration, the interaction of grain type and DDGS oil concentration, and the interaction of time with grain type and DDGS oil concentration (Table 6 ). There was an effect of time (P < 0.001) for plasma urea-N concentrations (mg dL −1 ) as plasma urea-N was least on day 28 (data not shown). Plasma urea-N concentration was greater (P < 0.001) in steers fed diets containing barley than corn (Table 6 ). Plasma urea-N concentration was greater (P = 0.05) in steers fed diets containing DDGS with lowoil concentration than moderate-oil concentration.
There was no effect of the interaction of grain type and oil concentration of DDGS, or the interaction of time with grain type and oil concentration of DDGS on plasma urea-N concentrations.
Discussion
Feed costs represent a large proportion of total costs of beef production. Using different grain types, specifically barley and corn, can have an impact on efficiency and should be taken into consideration when formulating diets to optimize feed costs and growth performance in cattle. Changes in the nutrient composition of DDGS, such as decreased oil concentration, could potentially impact efficiency and, therefore, it is important to determine the effects on performance in finishing cattle.
There are conflicting research results in regard to the effects on growth performance in finishing cattle when Day: P ≤ 0.003; day × grain: P = 0.95; day × DDGS: P = 0.21; day × grain × DDGS: P = 0.71. Day: P ≤ 0.001; day × grain: P = 0.44; day × DDGS: P = 0.78; day × grain × DDGS: P = 0.88. different grain types are fed. Some research suggests that G:F increases in cattle fed barley-based diets compared with corn-based diets (Mathison and Engstrom 1995; Milner et al. 1995 Milner et al. , 1996 Boss and Bowman 1996; Beauchemin et al. 1997; Kincheloe et al. 2003) . However, other research suggests that G:F is improved or is not influenced when feeding corn-based diets vs. barleybased diets (Hill and Utely 1989; Owens et al. 1995; Nelson et al. 2000) . These differences could be because of a number of variables such as diet composition, geographic region, grain variety, and cattle genetics. It appears that the decreased DMI was the main factor causing improved efficiency in the current study. Dry matter intake can be affected by roughage source and level in the diet (Galyean and Defoor 2002) , grain processing (Owens et al. 1997) , and several other factors, and therefore, differences in diet composition, other than the grain, could affect how DMI and growth performance are influenced by grain type. Our results are in agreement with the data in the literature suggesting that feeding finishing cattle diets containing barley improve G:F as compared with finishing cattle fed diets containing corn. Interestingly, ADG over the first 28 d was lesser (P = 0.002; data not shown) in steers fed diets containing barley than corn. This may be because the starch in barley has a faster degradation rate than corn (Nocek and Tamminga 1991) which may result in greater incidence of ruminal acidosis during adaptation. This negative effect on ADG during the adaptation period could potentially be reduced by increasing the time of the dietary adaptation period to the high-grain diet for cattle fed barley-based diets. However, research has also shown improved ADG in steers fed barley-based diets than cornor oat-based diets over the first 56 d on feed (Zalinko et al. 2009 ). It is not clear as to the reasons for discrepancies between studies, but it could be because of a number of other factors including cattle age, genetics, other dietary ingredients, and environment. Anderson et al. (2011) examined the influence of increasing DDGS inclusion from 0% to 36% DDGS in barley-based growing and finishing diets. In the growing diet, G:F was greater in steers fed diets containing DDGS than steers fed diets without DDGS. This was mainly because of an increase in ADG with steers fed diets containing DDGS. In the finishing diet, there was a linear increase in ADG for increasing DDGS inclusion in the diet. These results indicate that including DDGS in the diet appeared to increase growth rate in finishing cattle. Another study by Depenbusch et al. (2009) showed similar results for flaked corn-based diets where increasing DDGS in finishing diets (0%-75% DDGS) resulted in increases in final BW and ADG. Bremer et al. (2015a) studied the effect of increasing distillers products with a reduced oil concentration. Their results indicated that there was an increase in ADG with increasing reducedoil modified distillers grains plus solubles (MDGS) (7.2% oil) similar to normal-oil MDGS. Similar results were found when analyzing a reduced oil concentration (7.9% oil) wet distillers grains plus solubles (WDGS) compared with a normal WDGS (11.3% oil). Our research showed similar results when comparing 4.5% with 7.9% oil DDGS than those of Bremer et al. (2015b) as there were no differences in growth performance or carcass quality. However, it should be pointed out that NDF and ADF concentrations were greater and starch concentrations lesser in the moderate-oil DDGS compared with the low-oil DDGS, which could potentially result in a less digestible nonoil component of the DDGS in the moderate-oil DDGS.
There is little known about how feeding different grain type or decreasing the oil concentration of DDGS affects feeding behavior. Montanholi et al. (2010) reported that more efficient calves (lower residual feed intake) had slower eating rates, spent less time at the feeder per day, and ate smaller meals. Research from our laboratory also has suggested that in highconcentrate finishing diets, increasing the degree of dryroll processing of corn increased the number of meals per day and total time eating per day and decreased eating rate per minute (Swanson et al. 2014 ). This potentially could have been an adaptation of the cattle to attempt to mitigate ruminal acidosis by decreasing the rate of feed consumption and consuming more meals per day. Because of the faster ruminal degradation rate of barley than corn (Nocek and Tamminga 1991) , it might be expected for steers fed barley to attempt to mitigate ruminal acidosis by altering feeding behavior. Interestingly, in the current experiment, grain source did not impact number of meals per day, total time eating per day, and eating rate per minute. However, the number of visits per day decreased and eating time per visit increased in steers fed diets containing barley than steers fed diets containing corn which could suggest that steers fed diets containing barley generally were less active and potentially spent more time resting and ruminating per day which could be associated with improved efficiency. Steers fed diets containing moderate-oil DDGS tended to spend less time at the bunk per visit than steers fed diets containing low-oil DDGS. This might suggest that increased oil concentration could result in short-term decreased palatability. However, oil concentration of DDGS did not seem to have an effect on growth performance. Interestingly, plasma urea-N was greater in steers fed low-oil DDGS than moderate DDGS suggesting potential decreased ruminal protein degradation (Jenkins 1993 ) resulting in differences in ruminal ammonia absorption and thus urea production. However, these differences in plasma urea-N concentration were not associated with differences in growth performance.
Conclusion
In conclusion, using barley, in comparison with corn, in finishing cattle diets decreased DMI, increased G:F, and altered feeding behavior in cattle consuming a 90% concentrate diet without affecting carcass characteristics. Using a lower oil concentration DDGS did not impact growth performance, or carcass characteristics, and there were no interactions with either barley or corn, in the finishing diets. There was a tendency for oil concentration of DDGS to alter feeding behavior (time per visit). However, this did not seem to be associated with differences in growth performance. These data suggest that using DDGS with a lower oil concentration in finishing diets does not negatively affect growth performance or carcass quality of finishing cattle fed barleyor corn-based diets.
